One of the complications which may be encountered during the course of therapy with antibiotics is the development of secondary infections superimposed upon the condition being treated. These superimposed infections are caused by microorganisms resistant to the original treatment and, when a fungus is responsible for the new infection, the problem becomes particularly distressing because of the general lack of satisfactory therapeutic measures for management of mycotic disease. It is obvious that an understanding of the biologic phenomena responsible for the development of these superinfections would lead toward a more rational approach to antibiotic therapy.
One of the theories offered in explanation of this problem states that the antibiotics directly stimulate the fungus. Since candidiasis is one of the more frequent mycotic complications encountered, much of the reported work in this area of interest is concerned with the effect of the antibiotics on Candida albicans, and here the evidence is conflicting. The studies of some investigators would indicate that at least one of the more common antibiotics does stimulate the growth and virulence of C. albicans, while others have been unable to demonstrate this effect (Foley and Winter, 1949; Hazen et al., 1953; Kligman, 1952; Lipnik et al., 1952; Moore, 1951; Pappenfort and Schnall, 1951; Seligmann, 1952 Seligmann, , 1953 Woods et al., 1951 The material presented here is concerned with similar studies on antibiotics not reported in the earlier paper.
EXPERIMENTAL METHODS
Stock cultures of Candida albicans were maintained on Sabouraud's glucose agar, incubated continuously at 37 C, and transferred to fresh media at weekly intervals. For all other purposes the medium used was the same semisynthetic broth of Casamino Acids (Difco) which had been used in the earlier studies. The initial inoculum of cells and the final amount of growth obtained were measured in terms of total cell nitrogen as determined by the micro-Kjeldahl method.
Several flasks of the broth medium were inoculated from stock cultures and incubated for 48 hours, at which time the cells were separated and washed repeatedly. Quantitative dilutions were made from an initial suspension of these washed cells and the turbidity of the suspension measured. From a previously calibrated curve for turbidity-total cell nitrogen relationship, the concentration of cell nitrogen in the initial suspension was interpolated, and the original dilution was readjusted with sterile saline solution to contain 0.1 mg nitrogen per ml (mg N/ml). One-half ml of this final suspension, or 0.05 mg nitrogen, was used for inoculating each flask of broth in the experiment. The antibiotics were dissolved in the broth to make a series of tenfold dilutions. The highest concentration was selected at approximately 100 times the maximum blood level commonly attained. The following values represent the highest concentration tested of each antibiotic: neomycin, 5 mg/ml; bacitracin, 2500 units/ml; magnamycin, 0.5 mg/ml; erythromycini, 0.5 mg/ml; aureomycin (both preparations), 0.5 mg/ml; tetracycline, 0.5 mg/ml. (Huppert et al., 1953) with aureomycin had indicated that all of the commercial packages of this antibiotic which had been tested resulted in increased amounts of growth of C. albicans. The incorporation of the parabens removed this evidence of stimulation suggesting some degree of inhibition of the fungus even though the total amount of growth was not reduced below that found in controls. This would indicate that the parabens should be investigated further for potential use as a prophylactic agent in conjunction with antibiotic therapy.
The results obtained in these studies of the effect of antibiotics on the in vitro growth of C. albicans indicate that direct stimulation of the fungus by these agents most probably is not the fundamental biological mechanism responsible for the superimposed infections. Judging from the literature it has been the experience of many clinicians that this phenomenon might be a complication of therapy with any of the antibiotics. The results' reported by some of these investigators are listed in table 1. Up to the The role of direct stimulation of this fungus by antibiotics in the development of superimposed infections during therapy is discussed. No correlation has been found between the ability of an antibiotic to stimulate the in vitro growth of C. albicans and the association of the antibiotic with the development of these superinfections.
